INTRODUCTION
Guar gum 1 consists of the endosperm part of guar plant namely Cyamopsis tetragonolobus Linn. (Family: Leguminosae). When used in extemporaneous preparations, guar imparts colour, which is not desirable. Guar has a very high intrinsic viscosity but very poor interaction coeffi cient. 2 Derivatization of guar to hydroxypropyl guar improves its interaction coeffi cient. 3 By virtue of its high intrinsic viscocity, guar gum has been extensively used as a retarding component in the formulation of matrix tablets. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Hydroxypropyl guar with improved interaction coeffi cient has been investigated as a gelling agent, 19 as a bodying agent 20 in suppositories, fi lm forming agent 21 and as a suspending agent. 22 Hydroxypropyl guar with a controlled rate of hydration ABSTRACT is investigated for its solution binding properties 23 in the formulation of oral tablets. Sodium carboxymethylcellulose is tried as the parallel binding agent. [24] [25] [26] [27] [28] Metoprolol tartarate 29 (MT), is a selective β-adrenoreceptor antagonist useful in the management of hypertension and ischaemic heart diseases. MT 30 is readily absorbed after oral administration and rapidly distributed into body tissues. The elimination half-life is about 3-7 h. The drug undergoes extensive fi rstpass metabolism; only 50% of the orally administered drug reaches the systemic circulation. Adult oral dose is 50 mg twice daily to be optimized subsequently and not to exceed 400 mg per day. Tablets containing 50 mg of MT per tablet were formulated using hydroxypropyl guar
Research Ar cle
(HPG) and sodium carboxymethylcellulose (Na CMC) as binders.
MATERIALS AND METHODS
MT I.P. was obtained as a gift sample from ASTRA-IDL ltd. Na CMC (high viscosity grade), Lobachemie make was used. All other excipients used were of Pharmacopoeial grade. HPG was obtained by derivatization of guar, 3 MT tablets weighing around 150 mg each and containing 50 mg of the drug were made by wet granulation by employing 1% W/V aqueous dispersions of HPG and Na CMC respectively as solution binders. 1% W/V HPG dispersion revealed a viscosity of 6400 cps; Na CMC displayed a viscosity of 448 cps. The aqueous polymer dispersions were stabilized with 0.18% W/V methyl paraben and 0.02% W/V propyl paraben. The formulation details of the tablets are shown in Table 1 .
PART-I: PREPARATION OF GRANULES
The quantity of MT as specifi ed in Table 1 was mixed with lactose IP in the ascending order of weights; the granulating agent was added little by little so as to get a damp mass with a pliable consistency. The batter was allowed to stand for 15 min and passed through sieve 20; the granules so obtained were dried in an oven at 60° for 1 h duration. The agglomerates were regranulated by using sieve 20 superimposed on sieve 40. While granules retained on sieve 20 were used for compression, the fi nes retained on sieve 40 were used for improvement of fl ow properties of granules.
PART-II: STUDY OF GRANULE PROPERTIES (a) Determination of compressibility factor
The untapped and the tapped bulk densities were obtained by the 10 point method. The 10 cc tared measuring jar was fi lled with granules up to 1 cc and the weight was recorded; likewise, the weight of 2 cc, 3 cc ... up to 10 cc was fi lled with granules and the weight was recorded without tapping. Similarly the procedure was repeated with the granules fi lled up to 1 cc, tapped so as to compact the granules, excess granules was added to record a volume of 1 cc after tapping. The weight of 2 cc, 3 cc ... up to 10 cc with tapping each time after the addition of excess granules to adjust the volume was recorded. A graph of weight values (gm) vs corresponding volume (cc) was constructed. The bulk density was arrived from the slope of the linear relationship. Compressibility factor 'C' was calculated using the formula, Since 1% w/v HPG bound granules revealed the lowest Carr's index value, 31 1% w/v HPG bound lactose granules were used for the evaluation.
(i) Determination of angle of repose
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Carried out by employing fi xed bed method using the formula,
Where, θ = angle of repose, h = height of the heap and r = radius of the heap. The exact value of θ was arrived at by referring to the table on natural tangents. The advantage of this method being, the dimension of the base is fi xed, whereas, the height alters as the angle of repose changes.
(ii) Determination of the rate of fl ow 33 Carried out using a glass funnel having an orifi ce and base diameters of 0.8 cm and 9 cm respectively and securely clamped to a retort stand. A 50 gm sample was introduced into the funnel and the powder was allowed to fall freely under the gravitational force. The fl ow rate was calculated using the expression:
Flow rate = amount of powder (gm) / time of fl ow (s). (3) The above studies were conducted on 20/40 # lactose granules blended with 5% w/w, 10% w/w and 15% w/w, lactose fi nes. The average value of three such determinations is recorded in fi gures 3 and 4.
(c) Determination of optimum concentration of the glidant (Talc) to be added to dummy lactose granules containing 10% w/w of Lactose fi nes
The θ values and the fl ow rate values were determined for the above mentioned granules blended with 1%, 2%, 3%, 4% and 5% w/w talc powder. The infl uence of the talc % w/w on the θ and the fl ow rates is depicted in fi gure 5 and 6. From the studies carried out at "b" and "c" above, it could be concluded that the optimum fi nes concentration was 10% w/w and optimum glidant concentration was 2% w/w of talc powder. The graphical representation for granules made with 1% w/v HPG as binder are shown in fi gure 7 and for granules made with 1% w/v NaCMC is shown in fi gure 8. Carr's Index is calculated by using the formula CI = (Dt -Db/ Dt) × 100 (4)
(e) Hausner's ratio
It is an index of ease for powder fl ow. It is calculated by the following formula, Where Dt is the tapped bulk density and Db is the untapped bulk density. Table 2 (g) Determination of residual moisture content
Residual moisture content was determined by drying the granules at 60° for 15 min.
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(h) Assay of granules (i) Carried out to ascertain uniform distribution of drug in tablets over the entire range of sample (ii) To enable us to adjust the die volume/ the total weight of the tablet so as to get tablets having the required drug content. MT has a λmax at 275 nm in 95% v/v ethanol. It obeys Beer's Lamberts law in the concentration range of 10-100 μg/ml. A calibration curve was constructed; the linear relationship had a slope value of 0.0046 and an intercept value of 0.0034 which were used in the calculation of the drug content in the assay of sample. The precompression parameters are contained in Table 3 .
PART-III: COMPRESSION OF GRANULES INTO TABLETS
The compression was carried out using a 10 station rotary tablet machine. The capacity of the die cavity was so adjusted as to accommodate a weight of granules containing 50 mg of MT. 7mm punches were used and a compression pressure of 6 Kg was applied on the rollers for all tablets. The tablets were preserved in tight screw capped bottles until further evaluation tests were carried out.
PART-IV: EVALUATION OF TABLETS
The compressed tablets were subjected to the following evaluation tests.
(i) Hardness test 35 Carried out using Monsonto hardness tester; a mean of three readings was recorded.
(ii) Determination of disintegration time 36 Disintegration time was recorded as per I.P procedure; 6 tablets were subjected to the study.
(iii) Weight variation
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The test was carried out on 20 tablets. The tablets were weighed collectively and the average weight was arrived at. The weights of 20 tablets were recorded individually and the deviation from the mean was calculated. Not more than 2 tablets to deviate beyond ±7.5% and not even one to deviate beyond ±15%.
(iv) Friability Test
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The test was carried out on 20 tablets weighed collectively. The tablets were loaded on to a Roche friabilator and rotated at 25 rpm for 4 min; tablets weighed again and % friability was calculated. It is desirable that the weight loss is less than 1.0%.
(v) Assay
As mentioned under granules; 5 tablets 36 are randomly powdered; a quantity equivalent to 100 mg of MT was taken and dissolved in 95% of ethanol; subsequent dilutions were made with ethanol to have MT concentration in the range of 10-100 μg/ml; absorbance was read at 275 nm; concentration of MT was calculated by making use of slope and intercept values obtained from the calibration curve. Post compression parameters are compiled in Table 4 .
(vi) Dissolution profi le
Dissolution testing was carried out in 0.1N Hydrochloric acid. Amount of medium used was 1000 ml; rpm 50. Volume withdrawn was 10 ml, samples withdrawn at the end of 15, 30, 45, 60, 75 and 90 min and analyzed spectrophometrically at 275 nm. The dissolution profi les of HPG bound and Na CMC bound tablets are depicted in fi gure 9.
RESULT AND DISCUSSION
In this study, 1% w/v aqueous dispersion of HPG has been tried as a binder for MT; 1%w/v aqueous dispersion of Na CMC is used as the parallel binder. 20/40 mesh lactose granules were made and mixed with optimum amounts of 10% w/w lactose fi nes and 2% w/w of talc powder. 20/40 mesh granules as mentioned afore said were mixed with 10% w/w fi nes and 2%w/w talc powder and subjected to untapped and tapped density determination; from this the percentage compressibility factor i.e. Carr's index and Hausner's ratio were calculated. Granules made with HPG as binder revealed a Carr's index value of 2.13 in contrast to a value of 6.66 for granules made with 1% w/v Na CMC dispersion. Granules having Carr's index value in the range of 5 to 12 reveal excellent fl ow characteristics. Granules made with HPG revealed a Hausner's ratio of 1.022 in contrast to a value of 1.071 in case of Na CMC granules. Lower Hausner's ratio (<1.25) indicates better fl ow than the higher ones (>1.25). It is a well verifi ed fact that the more compressible a bed of particles is, the less fl owable the powder or granules will be. A material having a compressibility value of less than 16 is considered to be a free fl owing material; this is in close agreement with the data compiled in table 3. Repose angle also needs to be considered along with compressibility; Repose angle 34 for the experimental samples are in the range of 37-38° which is marginally higher than the optimum value i.e. 30°. When the angle of repose exceeds 50°, the fl ow is rarely acceptable for manufacturing process. The infl uence of angle of repose 38 on fl ow properties of granules is depicted in Table 5 . The fl ow rate was determined by passing 50 gm of granules through a glass funnel with orifi ce and base diameters of 0.8 cm and 9 cm respectively. By and large, lower the compressibility factor and smaller the repose angle, the faster is the predicted fl ow rate of granules. HPG granules have revealed a signifi cant enhancement in the fl ow rate after the inclusion of additives i.e. 0.123 gm/s in contrast to an enhancement value of 0.037 gm/s incase of granules made with Na CMC. For trouble free compression, a moisture content of around 1.5% is desirable. HPG bound granules revealed a moisture content of 1.34% in contrast to a value of 1.24 in case of granules made with Na CMC as binder. Moisture content of less than 1% can cause capping and lamination whereas above 2%, some sticking problem may develop. In respect to post compression parameters, from the weight variation data, it is observed that in case of HPG bound tablets, the % deviation from the mean was found to range between (-) 5.86 to (+) 6.73 in contrast to a value of (-) 7.39 to (+) 8.94 for Na CMC bound tablets. This observation correlates well with the lower 'C' values obtained for HPG bound granules. Tablets made with HPG as binder revealed a hardness of 4.5 kg/cm 2 in contrast to a value of 3 Kg/cm 2 for tablets made with Na CMC as binder. The friability value for HPG bound tablets was 0.24% in contrast to a value of 0.18% in case of Na CMC bound tablets. Disintegration time for HPG bound tablets was 8.3 min which was slightly higher than the Disintegration time value of 7.8 min for Na CMC bound tablets. Crushing strength -friability ratio (CS:FR) which is the quotient of the crushing strength (CS) value divided by the friability (FR) value, is an index used as a measure of the mechanical strength of tablets. But the (CS:FR)/DT ratio would be a better index for measuring tablet quality. 39 It is so because, in addition to measuring tablet strength (crushing), and tablet weakness (friability), it does evaluate all negative effects of these parameters on disintegration time. 40 HPG bound tablets revealed a (CS:FR)/DT ratio of 2.26 in contrast to a value of 2.1 in case of Na CMC bound tablets. A higher value of (CS:FR)/DT is indicative of a better balancing act between the cohesive binding and disintegrating behavior of the tablets. From the dissolution profi le, a t 80% value of 20 min has been displayed in case of HPG bound tablets in contrast to a value of 35.45 min in Case of Na CMC bound tablets.
CONCLUSION
The hydroxypropyl guar with it's enhanced interaction coeffi cient and controlled rate of hydration has proved to be a superior solution binder in achieving suffi ciently rapid release of the drug from the tablet formulation in comparison to the conventionally used tablet solution binder namely sodium carboxymethylcellulose.
